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INTRODUCTION 
In the course of a study of the fractionation of crude pepsin prep- 
arations it was found that amorphous precipitates could be obtained 
which were extremely active with respect to liquefaction of gelatin 
(1).  In the study of the properties of the crystalline protein isolated 
from crude pepsin preparations it was also noted occasionally that a 
small amount of amorphous material was obtained which had  this 
strong  gelatin-liquefying  power.  When  these  preparations  were 
crystallized  the  abnormal  activity  disappeared,  and  the  crystalline 
material had  the same activity as  the usual crystalline pepsin.  It 
seemed possible therefore that  this activity was due to the physical 
state of the precipitate, a  possibility which has frequently been sug- 
gested in the literature.  A more careful study of this material, how- 
ever, showed that this was not the case, but that the activity was due 
to a  distinct  enzyme,  "gelatinase,"  which is extremely  active with 
respect to the liquefaction of gelatin.  This "gelatinase" is present in 
very small quantities in the original material and is completely re- 
moved from the crystalline pepsin only with considerable difficulty. 
The conclusion that the abnormal activity is due to this "gelatinase" 
depends upon the fact that the abnormally active material cannot be 
obtained from crystalline pepsin which has been crystallized four or 
five times.  In addition it was found that the activity of the crystal- 
line pepsin could be destroyed in slightly alkaline solution while the 
gelatin  liquefying power of  the  amorphous preparations  was  only 
slightly reduced.  This accounts for the occasional abnormal results 
which were obtained in the study of the alkali-inactivation of crystal- 
line pepsin. 
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A  method  has  been  worked  out  for  the  purification  of  the 
"gelatinase"  and a  small amount of protein material  has  been ob- 
tained which was about 450 times as active as the crystalline pepsin 
as measured by the liquefaction of gelatin, or about 1,000  times as 
active as the crude pepsin preparation.  The activity of this material 
could not be increased by any method tried, and solubility measure- 
ments gave an indication that it might be a pure protein.  Owing to 
lack of material, however, no conclusive results were obtained as to the 
final purity of the preparation. 
A study has been made of the activity of this material in effecting 
the hydrolysis of gelatin, casein, egg albumin, and edestin as measured 
by the change of viscosity, increase in formol titration, and produc- 
tion of non-protein nitrogen.  The activities of the crude pepsin and 
crystalline pepsin have also been determined in the same way.  The 
"gelatinase"  is  considerably less  active  than  the  crystalline pepsin 
in all respects except in the hydrolysis of gelatin.  It is three or four 
times as  active as crystalline pepsin in the hydrolysis of gelatin as 
measured by the formol titration, and 450 times as active as measured 
by the change of viscosity.  It is possible that the activity on proteins 
other than gelatin is due to small amounts of the crystalline pepsin 
present in the "gelatinase" preparations.  On the other hand, crystal- 
line pepsin preparations which have apparently been entirely freed 
from the  "gelatinase"  still possess the power of  digesting  gelatin. 
Separation from Crystalline Pepsin.--The abnormal  activity with 
gelatin was originallynotedwhen  the protein fraction from crude pepsin 
preparations  was dissolved with dilute alkali  and partially precipi- 
tated with acid.  When the precipitate obtained in this way was frac- 
tionated by repeated partial precipitation the gelatin-liquefying power 
increased, and this process could be apparently repeated indefinitely. 
The proteolytic power as shown with other proteins also increased at 
first,  remained constant after four or five precipitations, and even- 
tually decreased.  If tl/e same process be carried out with crystalline 
pepsin which has been crystallized once or twice, a small quantity of 
abaormally active amorphous material can be obtained after five or 
ten partial precipitations.  If, however, the crystalline pepsin has been JOHN H. NORTHROP  31 
recrystallized four or five times very little or none of the abnormally 
active material can be obtained. 
Separation by Alkali Inactivation.--If  solutions of crude pepsin or 
of once or twice crystallized pepsin are brought to pH 9.5 or pH 10 
for a few minutes and then acidified, the solution still liquefies gelstin 
more or less rapidly, while if the crystalline pepsin has been recrystal- 
lized several times the gelatin-liquefying power is completely lost at 
pH 9.5  in  a  very short time.  This procedure serves therefore as a 
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FIc. 1. Loss of activity of crystalline pepsin and crude "gelatinase" at different 
pH, as measured by the liquefaction of gelatin and by the digestion of casein. 
sensitive test for the presence of the "gelatinase."  A comparison of 
the loss of activity of four-times recrystallized pepsin and of a  "gela- 
tinase" fraction is shown in Fig. 1.  The figure shows that the loss in 
activity of the crystalline pepsin as measured by loss in gelatin-liquefy- 
ing power or by the hydrolysis of casein is  about the same and is 
practically  complete  at  pH  9.  The  "gelatinase"  fraction,  on  the 
other hand, is less than half inactivated under the same conditions 
and retains a considerable part of its activity at pH 10. 32  GELATIN-LIQUEFYING ENZYME  IN  CRUDE  PEPSIN 
Preparation  of  "Getatinase."--The  repeated  precipitation  at  pH 
3, mentioned above, leads to increasingly active preparations; but it 
TABLE  I 
Preparation of "Gdatlnase" 
1,000 gin. Parke, Davis pepsin U. S. P. 1 : 10,000 +  800 ml. H20 +  800 ml. 
M/I H2SO4 +  1,600 ml. saturated MgSO4. 
Filter.  Filtrate discard. 
Ppt. 
Ppt.  1, stir with ½ volume water and M/2 NaOtt stirred in until 
clear  solution  (pH  <5.0).  N/2  H~SO4 stirred  until  pH  =  3.0. 
Stand at 6°C. for 18 hrs. 
Filter.  Filtrate. 
Stand at 6°C., 4 to 6 days, ppt. forms.  Filter and discard filtrate. 
Ppt. 
Ppt.  Dissolve at 37°C.  with  ½ volume H~O  and  M/2 NaOH. 
Crystallize. 
Filter.  Ppt.  Crystalline pepsin, recrystallize 3 times 
*~  4  ~ 
Filtrate,  Add { to ½ volume saturated Na~SO4. 
Filter.  Filtrate. 
Ppt., combine with ppt.  P2 ~, dissolve with M/10 pH 5.0 citrate 
buffer and dilute to 5.0 rag.  N/ml.  Precipitate by addition { to ½ 
volume saturated Na,SO,, filter and repeat precipitation until ppt. 
has activity of about 5  X  104 [PU]~I.'~. 
(Combined filtrates from this process may be titrated to pH 3.0 
and treated as Fz) 
P4, dissolve in H~O and dilute to 10 rag. N/ml.  Titrate to pH 9.0 (faint 
pink to phenolphthalein). 
Titrate to pH 4.0 after 1 to 2 rain. 
Centrifuge and wash with 0.002 N H2SO4 
Supernatant and washings, discard. 
Ppt., stir with water to thick paste and add 4 volumes per cent Ps 
solution. 
Dialyze against 0.001 HC1 at 20°C. until clear solution (3 to 4 days) 
P0, precipitate by addition saturated Na2SO4 solution. 
Filter.  Ppt., dissolve with M/10 pH 5.0 citrate buffer and dilute so that 
solution contains about  5  rag.  N/ml.  Precipitate by addition of 
Na~SO+  This fractional precipitation is continued until no further 
increase in activity is shown by precipitate. 
Fraction no. 
F$ 
P2 
3C 
4C 
F3 
P~ 
Pr 
Pg 
Plo 
soon became evident that  no appreciable amount of material could 
ever be obtained in this way, owing to the cumulative losses in the JOtIN  H.  NORTHROP  33 
course of the  several hundred precipitations  required to  reach the 
maximum activity.  A large number of attempts were made to devise 
a rapid and efficient method of separation of the "gelatinase," without 
any success.  No sharp  separation could be found but a method was 
eventually worked out which although laborious allowed the prepara- 
tion of an extremely active fraction with very little loss in activity. 
Most of the crystalline pepsin was removed by crystallization.  The 
filtrate from the crystallization was precipitated by the addition of 
acid  and  the  resulting  precipitate  dissolved  with  weak  alkali and 
reprecipitated with acid.  This process was repeated until the gela- 
tin-liquefying  power  had  been  increased  five  to  ten  times.  The 
material was then dissolved in water, brought to pH 9 and then acidi- 
TABLE  II 
Reactivation of " Gelatinase" 
100 ml. P~ solution (8 rag. N/m].) fitrate to pH 11.5 +  NaOH.  Titrate to pH 
7.0 +  HC1.  Dilute with ~/100 citrate buffer of different pH. 
Stand at 22°C. for 24 hrs. 
H...  ]  4.0  5.3  5.d  5.9 
Final concentration, rag. N/ml  .....  3  1  3  1  3  [  1  3  1 
Percentage  original  activity  re- 
covered  ....  <0.1  <0,1  2  6  2.5  10  5  15 
6.2 
3  1 
i 
5  12 
fled.  The  pepsin  protein  is  denatured  at  pH  9.0  and  precipitates 
on acidification, carrying with it the "gelatinase."  A  small amount 
of active pepsin is added to this precipitate and the mixture dialyzed 
against  1/100  •  hydrochloric  acid.  Under  these  conditions  the 
denatured pepsin  protein  is  quite  rapidly  digested  and  passes  out 
through the membrane leaving the  "gelatinase."  The solution ob- 
tained in this way is then fractionated by precipitation with sodium 
sulfate.  About  30 per .cent of  the  total gelatin-liquefying activity 
present  in  the original material may be  obtained  by  this  method. 
Details of the method of fractionation are shown in Table I. 
The final fraction is a  protein and loses its activity by heating or 
by  the  addition  of  strong  alkali.  Part  of the  activity  can be  re- 
covered after alkali inactivation by titrating to  pH 6.  The results 34 
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of  an  experiment in  which about  10  per  cent of the  activity was 
recovered are shown in Table II.  The result is probably due to the 
reversal of denaturation of the protein. 
Activity of Various Fractions 
The activities of some of the fractions obtained in the course of the 
preparation with casein, egg albumin, edestin and gelatin were deter- 
mined, as was also the effect on the rate of dotting of milk.  Owing 
TABLE  IV 
Activity of Crude Pepsin and of "Gdatinase" as Per Cent of the Activity of Crystalline 
Pepsin 
Protein  Method  Parke, Davis  "Gelatinase" 
pepsin  P Io 
Gelatin 
Casein 
Milk 
Egg albumin 
Edesfin 
2.5 per cent, pH 5.0  --viscosity 
S  "  "  pH 2.5  " 
Formol 
5  "  "  pH 2.0 --viscosity 
+  " 
Forrnol 
NPN 
Rennet 
S  "  "  pH 2.0 -  viscosity 
..[.  - 
Forrnol 
NPN 
5  "  "  pH 1.9 --viscosity 
Formol 
NPN 
40 
36 
36 
23 
20 
18 
23 
19 
35 
20 
40 
30 
21 
30 
18 
12,000 
3,800 
150 
30 
35 
22 
27 
27 
21 
20 
40 
25 
32 
42 
to the great difficulty in preparing the most active material the deter- 
minations were not carried out with this fraction but only with the 
fraction having about ¼ the maximum activity so far obtained.  The 
results of these determinations are shown in Table III in which the 
activity per gram of nitrogen has been tabulated against the various 
fractions.  The table shows that the activity of the crystalline pepsin 
is about five times that of the original material in every respect except 
the hydrolysis of gelatin.  In this respect it is 2~ times as active  as 
the  original  material.  The  amorphous  precipitates  obtained  from 
the mother liquor of the crystallization are less active than the crystals 36  GELATIN-LIQUEFYING ENZ~E  IN CRUDE PEPSIN 
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in their action on casein edestin and egg albumin solutions, but more 
active in their action on gelatin.  As the fractionation continues this 
difference becomes more marked. 
When the material is inactivated by alkali all but a few per cent of 
the activity as measured by the  digestion of casein, edestin, or egg 
albumin is  lost,  while only about  ½ of the gelatin  activity is  lost. 
Mter dialysis and further precipitation the specific activity as meas- 
ured by coagulation of milk or by the effect on casein, egg albumin, 
or edestin solutions decreases until it is about the same as that of the 
original  crude  material,  while  at  the  same  time  the  gelatin-hy- 
drolyzing power increases rapidly, especially when measured by the 
change in viscosity.  These changes may be seen more clearly from 
Table IV, in which the results are expressed as per cent of the activity 
of the crystalline pepsin. 
In Table V the results have been calculated as per cent of the activity 
as  measured  by  the  increase  in  non-protein  nitrogen  for  casein. 
That  is,  the activity as  determined by the increase in  non-protein 
nitrogen for casein is taken as 100 and the activity as measured in 
other ways expressed as per cent of this value.  The table shows that 
the most marked change in the relative activity as expressed as per 
cent of casein digestion again occurs in the case of gelatin.  In this 
case  the  activity  of  the  original  preparation  as  measured  by  the 
change in viscosity is about 1  X  104 per cent of that as measured by 
casein digestion, while in the "gelatinase" fraction it is about 130  X 
104  per cent.  1  This  difference in  the properties of the  "gelatinase" 
and  crystalline pepsin  may be shown more clearly by plotting  the 
increase in  formol titration  against the viscosity of the solution,  as 
was done in the study Of the changes in gelatin solutions caused by 
pepsin digestion (2).  The result of an experiment done in this  way 
is shown in Fig. 2.  The figure shows that the "gelatinase" causes a 
relatively enormous decrease in  the viscosity of the gelatin solution 
with a  very slight increase in formol titration,  while in  the case of 
I Since the activity units for the various methods have different  dimensions, 
these percentage figures have no physical significance but are merely comparative. 
The activity as determined by any one method, however, is commensurable and 
may be compared directly, so that in this case the percentages are a  measure of 
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the original material or the crystalline pepsin there is a much larger 
increase in formol titration for the same decrease in viscosity.  In the 
case of the "gelatinase" the viscosity is decreased nearly 50 per cent 
before any  change  in the  formol  titration can  be detected by the 
method used here, which means that there is a very large change in the 
physical condition of  the gelatin solution for a  very small chemical 
change, or else that there are chemical changes in the gelatin which 
1  1  I  ! 
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FzG. 2.  Change  in  viscosity compared  to  the  increase  in  amino  nitrogen  of 
Parke, Davis pepsin, crystalline pepsin and "gelatinase." 
do not result in the liberation of free amino groups.  It is probable 
that the chemical changes start at once and  that they could be de- 
tected by. the  change in  conductivity or some other more sensitive 
method.  On the other hand, it follows from the structure of gelatin 
solutions as suggested by Kunitz and the writer (3) that a  very slight 
amount of hydrolysis, especially if it were restricted to the insoluble 
fraction of gelatin, might cause extremely great changes in viscosity. 
These experiments indicate that  the  activity of the  "gelatinase" JOHN  If.  NORT~IROP  39 
fraction on proteins other than gelatin is due to the presence of some 
pepsin, and that if this were removed the "gelatinase" would act only 
on gelatin.  If this were the case it would be expected that repeated 
alkali-inactivation would destroy the activity on the other proteins. 
If the "gelatinase" is brought to pH 9.5 there is a considerable loss of 
activity  with  casein  or  edestin,  but  repetition  of  this  procedure, 
causes only a slight additional loss.  The result of an experiment of this 
kind is shown in Table VI.  It shows that part  of  the casein-  and 
edestin-digestive activity is  more unstable  than the gelatin-liquefy- 
ing activity, but that some of the activity for casein and edestin has 
about the same stability as  that for gelatin. 
TABLE  VI 
Alkali Inactivation of Plo 
Pl0 solution, 0.10 rag. N/ml ................. 
Titrate to pH 9.5 for 1 rain. and then to pH 
5.0 ..................................... 
Tit~te to pH 10.0 for 1 rain. and then to pH 
5.0 .................................... 
Gelatin V. 
100 
100 
90 
Per cent activity 
Casein V. 
100 
35 
30 
Edesfin V. 
100 
37 
27 
Changes  in  the  Properties  of  Casein  Solutions.--The  addition  of 
pepsin to acid casein solutions causes at first a very rapid decrease in 
viscosity, followed  by an increase.  Table V  shows that the  "gela- 
tinase"  fraction  causes  the  viscosity  to  increase  relatively  more 
rapidly than does the crystalline pepsin or the Parke, Davis pepsin. 
Experiments of a  similar kind have been performed by Holter  (4) 
who found that  various  pepsins  differed in  the way in  which they 
affected the viscosity of casein as compared to their effect as measured 
by the titration  of carboxyl groups.  Holter plotted the increase in 
acid  groups  against the  changes in  viscosity and  obtained charac- 
teristic  curves for the various  pepsin  preparations.  A series of ex- 
periments were carried out therefore in which the change in viscosity, 
the change in formol titration,  and the increase in nitrogen not pre- 
cipitated  with  trichloracetic  acid  (NPN)  were  determined.  The 40  GIgLATIN-LIQUEFYING ENZ3/~IIg  IN CRUDE  PEPSIN 
results  of  these  determinations  are  shown  in  Fig.  3,  in  which the 
specific viscosity of the solution has been plotted against the milli- 
equivalents  of  non-protein  nitrogen  per  5  ml.  of  solution.  The 
figure shows that the "gelatinase" fraction causes a greater increase 
in viscosity for the same increase in non-protein nitrogen than does 
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FIG. 3.  Change in viscosity as compared to formation of non-protein nitrogen 
with crystalline pepsin, Parke, Davis pepsin and "gelatinase." 
the crystalline pepsin.  The original material gives results very close 
to those for the crystalline pepsin.  The formol titration gave similar 
results,  but  the measurement is  not as reliable.  These  curves are 
similar to those obtained by Holter for fractions separated by means 
of aluminum hydroxide, and indicate the possibility that the "gela- 
tinase"  fraction obtained in  these experiments is  the same  as  that JOHN  H.  NORTHROP  41 
obtained  by  Holter  by  the  use  of  aluminum  hydroxide.  Holter, 
however,  states  that  a  fraction  may  be  obtained  from  cz4ystalline 
pepsin,  which  shows  the  same  peculiarity,  by means  of  aluminum 
hydroxide.  As was stated before, the "gelatinase" may also be pre- 
pared  from  crystalline  pepsin  after  one  or  two  crystallizations  but 
not after four or five crystallizations. 
These experiments were not carried  out in  greater detail.  It will 
be noted  that  the viscosity of egg albumin  also decreases and  then 
increases while the viscosity of edestin solutions decreases only.  No 
1,3  J  G 
L2  ~c 
1.Oi  o 
.7: 
•  9.  .4  .6  .8  1.O  1.2  1.4 
Time -Hra. 
Fio. 4.  Change in viscosity of milk with various concentrations of crystalline 
pepsin. 
indication of an increase in the viscosity of edesfin solutions could be 
found even with very high concentrations of pepsin. 
The activity of the various fractions as measured with egg albumin 
and edestin is about the same when expressed as per cent of the casein 
digesting activity (Table V). 
Activity Unils.--In the preceding paper (1) the activity was expressed as milli- 
equivalents of amino nitrogen liberated per minute  under standard  conditions. 
The unit of activity as measured by change of viscosity was based on this measure- 42  GELATIN-LIQUEFYING ENZYME  IN  CRUDE  PEPSIN 
ment of the increase in amino nitrogen.  Since in the present work the activity as 
measured by the change of viscosity is found to vary independently of the activity 
as determined in other ways, it is necessary to have an independent unit for the 
activity as measured  by  viscosity changes.  Since  the  percentage  changes  in 
viscosity of protein solutions of various concentrations are nearly independent 
of the protein concentration, it seems better to define the activity in terms of 
percentage change in the additional viscosity rather than absolute change.  The 
activity units used in this paper are defined as follows: 
Change in  Viscosity: 
The quantity of enzyme which, when added to 5 ml. 
protein solution,  will cause a  change of I  per cent per 
minute at 35.5°C. in the additional viscosity. 
a.  Negative  --  [PU]  Pr°teln v.-=  100 (To  -  Tt) 
t~. (To-T~o)" 
TI-I,O  -- Time outflow of water. 
To  =  ' ....  '  solution at time O. 
t  =  Elapsed  time  in  minutes  since  addition  of 
enzyme. 
b.  Positive  =  [PU]  Pr°teinV÷  ---  Per  cent  change  in  additional 
viscosity  of  protein  solution  per 
minute, at 35.5°C. when viscosity has 
returned to its original value. 
•  Non.Protein  N  =  NPN  =  [PU]  pr°tein NPN =  MiUiequivalents nitrogen not pre- 
cipitated by 10 per cent trichloracetic 
acid per 5 ml. solution per minute at 
35.5°C. 
Formol  =  [PU]  Pr°telaF  --  Milliequivalexlts  amino  nitrogen 
per 5 ml. solution liberated per minute 
at 35.5°C. 
Rennet  Action  =  [pu]  R =  loo;  Per cent change in additional viscosity  tmln. 
of standard  milk, calculated from the 
point at which the additional viscosity 
has doubled. 
Tmln.  =  Elapsed  time  at  which  An  =  2 
(,o  -  1) 
The  negative viscosity measurements were made  at  short  intervals with an 
Ostwald viscosimeter and the values determined in this way plotted against the 
elapsed time.  A  line  is drawn  through  these points and  the initial change  in 
viscosity per minute determined from the slope of this line.  The measurements 
are confined to the first 5 per cent change in viscosity, and in this range the change 
in viscosity per unit of time is constant except in the case of egg albumin.  In all 
cases the determinations were made with very low concentrations of enzyme and 
the specific  activity was independent of the quantity of enzyme used. JOHN  H. NORTHROP  43 
The positive viscosity rate was determined by plotting the viscosity against the 
elapsed time, and determining the slope of this curve at the point at which  the 
viscosity had returned to its original value. 
The increase in formol titration and non-proteln nitrogen was determined by 
analyzing 5 ml. samples after 1, 2 and 3 minutes and the initial rate determined by 
interpolation from the curves. 
The rennet activity was determined by plotting the change in viscosity against 
the elapsed time and determining by interpolation the time at which the increase 
in viscosity was equal to the original  specific viscosity.  100 times the reciprocal 
of this time in minutes is taken as equal to the number of pepsin units as measured 
by rennet action. 
EXPERI'MENTAL METHODS 
The experimental procedure and the protein solutions used in these experiments 
were in general the same as those described in the preceding paper (1). 
The rennet action, however, was determined this time by following the changes 
in viscosity of a standard solution of commercial milk powder.  This was prepared 
by dissolving  10 gm. of "Klim" milk powder in water and making up to I00 ml. 
10 ml. of a molar solution  of pH 5 acetate buffer is then added.  0.2 ml. of the 
pepsin preparation is added to 5 ml. of this standard milk and the change in vis- 
cosity at 35.5°C. determined. 
The changes in the viscosity of isoelectric gelatin solutions are the most reliable 
and  accurate.  The changes in  the  viscosity  of  the  solutions  of  edestin  and 
casein  are also accurate and reliable  for comparative determinations  but differ 
somewhat  with  various  protein  preparations.  The  determinations  with  egg 
albumin  are  the  least  satisfactory, in  that  all  the  methods  show  a  relatively 
rapid change at the very beginning of the reaction which then becomes very much 
slower.  Considerable  variation was noted also with different egg albumin solu- 
tions, and the results with this protein may not be correct except as to their order 
of magnitude. 
SUMMARY 
A protein fraction has been isolated from crude pepsin preparations 
which is about 400 times as active as crystalline pepsin in the lique- 
faction of gelatin. 
The  activity as measured by the  digestion of casein, edestin or egg 
albumin is less than that of crystalline pepsin. 
It is more resistant to alkali than the crystalline pepsin. 
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